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ORGANIC ELEGTRO-LUMINESCENT DEVICE, MANUFACTURING METHOD 
FOR THE SAME, AND ELECTRONIC EQUIPMENT 

BACKGROUND OF THE INVENTION 


Field of the Invention 

The present invention relates to an organic electro-luminescent device provided 
with electric light emitting elements used for displays, and display light sources, and 
th©-Hke, a manufacturing method for the same, and electronic equipment. 

Background Art - ' ■ 

Rc cci rt lyyyLhe development of light emitting elements using organic materials 
for spontaneous light emitting-type displays in place of liquid crystal displays has4>een 
proceeding at a rapid pace. With respect to an organic electro-luminescent device 
equipped with a light emitting component using an organic material in the light emitting 
layer, aJfnethod for forming a low molecular weight layer using an evaporation process 
disclosed from page 913 in Appl. Phys. Lett. 51 (12), 21 September 198'$ and a r^-«-V£ <vrV 
method for coating a large molecular weight layer ^aCclisclosed from page 34 of Appl. 
Phys. Lett. 71 (1), July 1997)(are principally knoiirn. . 

In the case of using a low molecular weight material ac a moans ibr coloring, a 
light emitting material differing from that of mask lifting is vapor deposited and formed 
onto the desired image. On the other hand, in the case of a large molecular weight 
material, much attention is being placed on performing the coloring using an ink jet 
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method, due to refinement and ease with which the patterning can be accomplished. 
The following co m i mntio wal examples are-knawfi'aa methods. for"fbrming an organic 
electro-luminescent component by means of such an ink jet method: Japanese Patent 
Application, First Publication No. Hei 7-235378, Japanese Patent Application, First 
Publication No. Hei 10-12377, Japanese Patent Application, First Publication No. Hei 
10-153967, Japanese Patent Application, First Publication No. Hei 11-40358, Japanese 
Patent Application, First Publication No. Hei 11-54270, and Japanese Patent 
Application, First Publication No. Hei 11-339957. 

In addition, from the standpoint of component manufacturing, in order to . 

impro^^ thejightemitting efficiency and durability, the formation of atftnoje' - ' 


injection/transport layer between the (/electrode, ahtf light emitting layer is widely 
performed ^disclosed from page 913 in Appl. Phys. Lett. 51 (12), 21 September 1987^.^) 
HithcttQ^^rmation of a layer has been performed b ^mBan ii jaf a^ating proce^sttch as 
spin coating or the like, using a conductive macromolecule as the buffer layer and/or 
hole injection/transport layer, e.g., a polythiophene derivative and/or polyaniline 
derivative (Nature, 357, 477, 1992). "With respect to a low molecular weight material, 
formation of a layer using a phenylamine derivative, as the »hole injection/transport 
layer,^byj«^^^^}^poration has been reported. 

The aforementioned ink jet methods are extremely effective m n wwm forj 


simply forming a layer having a refined pattern without wasting the light emitting layer 
material cemprisi«gThe orgaijic-electro-luminescent material. 

When forming a light emitting layer using an organic electro-luminescent 
material according to an ink jet method, a Composition is employed which cempriaj^s-a—" " 
solute and solvent, wherein the aforementioned solute c omprioOo ' an organic electro- 
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luminescent material. 


As the aforementioned composition, it is possible to use a composition 
6 ompriei^ 9nly-crne type of organic electro-luminescent material, HoweVer, 


compositions o ompri^m gjt-plurality of organic electro-luminescent materials are more 
widely used. For example.< jfy m a on g ggjinxing a light emitting material and a 
fluorescent material, it is possible to change the light illuminated from the 
aforementioned light emitting material to a light having a different wavelength due to 
the presence of the aforementioned fluorescent material. 

In this manner, in the case of a plurality of organic electro-luminescent 
materials/m order to obtain the desired light characteristics, it is necessary to form a 
layer in a state in which each of the aforementioned organic electro-luminescent 
materials is uniformly mixed without separation therefrom. 

However, the droplets used in the formation of a thin layer according to the ink 
jet method are extremely small, and the evaporation time is short. As a result, the 
solvent molecules that are evaporated from the droplets are saturated prior to being 
sufficiently dispersed from the substrate area, such that even the resultant thin layer is 
re-dissolved. Furthermore, at the time of re-dissolving the aforementioned, the 
respective organic electro-luminescent materials phase separate from each other, which 
in turn results in problems, such as degradation of the performance characteristics of the 
organic electro-luminescent device. 


SUMMARY OF THE INVENTION 


The present invention was mad e to'ffolvc the above-described problems, 
object of the present invention is to provide a manufacturing method, capable of 


forming a homogeneous luminescent layer which causes no phase separation during 
formation by the ink-jet method, and which is also capable of providing organic electro 
luminescence devices having superior display properties. In addition to the 
manufacturing method, an object of the present invention is to provide organic electro- 
luminescence devices having homogeneous luminescent layers and also having superior 
display properties. An object of the present inyention^lso includes provuftjig^lectronic 
equipment provided with the present organic electro-luminescent devices. 

— — — "0 

^A first aspect of the present invention provides a manufacturing method for an 

j 

organic electro-luminescent device c omprioi fig' the stepspf forming light emitting layers 
by discharging above a substrate at least two compositipns^each including at least one 
organic electro-luminescent material, 

— — "~ — ~~" ~1<V-' 

< uieorder of discharging sai€*"compositions above the substrate starting with a 
composition which has the fewest number of organic electro-luminescent materials. 

<ltwas° observed that problems of the phase separation occur more easily with 
compositions cempriBir4-a-^argef number of organic electro-luminescent materials, and 
thus in the discharge formation of a layer, those compositions c ompri sing ; a larger 
number of organic electro-luminescent materials are processed after the compositions 
comprising a fewer number of organic electro-luminescent materials ^As a result, the 
aforementioned phase separation due to re-dissolution following completion of the 
discharge formation of the film can be prevented, and an organic electro-luminescence 
device possessing superior display properties can be reliably manufactured. 

<A^cordine to a second aspect of the present invention, ^^manufacturing method 
for an organic electro-luminescent device c omprising the steps of forming light emitting 
layers by discharging-above a substrate^ least two compositic^ns^jach including at least 
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one Organic electro-luminescent material, 

Cy&heTTdischarging compositions which bets' the same number of organic 
electro-luminescent materials, the order of discharging said compositions above the 
substrate starting with a composition which is most difficult to be phase separated after 
the layer is formed. 

According to the present invention, the organic electro-luminescent 
composition, which is liable to be phase separated after the film formation, is discharge 
formed after the discharge formation of the other organic electro-luminescent 
composition, which is difficult to be phase separated. Thus, it becomes possible to 
thereby prevent the phase separation due to re-dissolution after the discharge formation, 
which results in making it possible to provide a manufacturing method of organic 
electro-luminescent devices having superior display properties. 

A third aspect of the present invention provides a manufacturing method for the 
organic electro-luminescent device, 5->cX-- 


^Huringtwo continuous cycles of discharging said compositions, the subsequent 
discharge of a compositio^ibeini^eferably performed after the droplets of the 
composition discharged in a first cycle are dried. 

According to a fourth aspect of the present invention, meTpnufacturing 
method for an organic electro-luminescent device c ompri o e s the stejj^x>fTorrmng said^, 
light emitting layer after forming steps of a plurality of first electrodes corresponding to 
a plurality of pixel regions, a bank layer fi^r partitionhlg sa*4 plurality of pixel regions/a 
/5h^e injection/transport layer on said pluraliig^ffurst electrodes on said first electrode, 
^and^he fonning process further c omprise s the step of forming a second electrode on the 
light emitting layer. 


^Pgovisioft- ^banks makes it possible to perform the discharge formation of a 
layer by completely separating the two or more ink compositions into separate pixel 
regions. As a result, it is possible to easily maintain the independence of each light 
emitting layer, and thereby obtain an organic electro-luminescent device having 
superior display properties. In addition, a hole injection/transport layer is provid ed bjf , 
moano of Whloh both a high luminescent efficiency and impTtrfcd durability can bo - 

Furthermore, the counter electrode ce mprio node in the case when the 

image electrode is anode, and comprkSc an anriae electrode in the case when the image 
electrode is cathode. 

The organic electro-luminescent device of the present invention is obtained by 
tnonnc^ gfciii^ing an aforementioned method for manufacturing an organic electro- 
luminescent device according to the present invention. It is possible to obtain an 
organic electro-luminescent device having a uniform light emitting layer and superior 
display properties. 

The present invention also provides an electronic equipment provided with an 
organic electro-luminescent device produced by the above manufacturing-process. 

According to the present invention, it is possible ^aehkveoectt^nic-^ 
equipment that is equipped with a display apparatus having superior display properties. 


BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a crtSss^sjectional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 


Fig. 2 is a qfrss^elional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 

Fig. 3 is a c^ossjie^tional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 

Fig. 4 is a cr^s^gpc'tional view showing a process of a manufacturing method 
for manufacturing an organic electro-iuminescent device according to an embodiment of 
the present invention^' 

Fig. 5 is a cjxJsrgec'tional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention* 

Fig. 6 is a crpjJS^ctional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 
the present invention^ 

Fig. 7 is a crpj^ectional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 


the present invention^ 


Fig. 8 is a qrass^pctional view showing a process of a manufacturing method 
for manufacturing an organic electro-luminescent device according to an embodiment of 


the present inventionj ^ v ^"'^' 


igy9A and9B sfeew^ light.emittihg spectra of a green light emitting layer^^-^-^ 


according to an example and comparative example of the present inv^ntionj<Flg^9A 
shows-fee light emitting spectrum of a comparative exampl#~2rid Fig. 9B*hows 
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light emitting spectrum of an example! ^ 

^Fi^ft^A, 10B and IOC are^erspective views showing electronic equipment 
equipped with an organic electro-luminescent device manufactured according to a 
manufacturing method of the present invention. 



DET AILED DESCRIPTION*OF THE INVENTION 
In the following, a manufacturing method for manufacturing an organic 
electro-luminescent device according to the present invention will be described with 
reference to Figs. 1-7. s^kj^ 5 ^ 



The manufacturing method according to the present embodiment 
bank formation process; a plasma treatment process; aj^/hole injeptfon/transport layer 
formation process; a surface reforming process; a light emitting layer formation process; 
a cathode formation process; and a sealing process. 

As shown in FigrlTaccbrding to the aforementioned bank formation process, 
bank layers 1 2 ^iparatin^eichpixel region are form^£^^©a«^5«^quentially 
layeririgan^nOfganTc substance bank layer 12a .and organic substance bank layer 12b on 
a transparent electrode n- - M mprioi^ n^jOf^fe like, which is formed on a substrate 10 
onto which TFT or the like (not shown in the Figures) has been pre-provided when 
necessary. 

The aforementioned inorganic substance bank layer 12a may be formed by 
j^«Sbr)ning an inorganic layer of Si0 2 , Ti0 2 , SiN, and the like on the entire 
surface of the substrate 10 and transparent electrode 11 according to, for example, a 
CVD process, a spattering process, an evaporation process, or the like; patterning the 
aforementioned inorganic layer using etching or the like; and then providing an opening 
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13a in the aforementioned transparent electrode 1 1 . However, at this time, the inorganic 
substance bank layer 12a extends to the marginal areas of the transparent electrode 11. 

Note thaty&e^l&yer thickness of the aforementioned inorganic substance bank 
layer 12a is preferably in the range of 50 - 200 nm, with a value of 150 nm being 
particularly preferred. 

Subsequently, an organic substance bank layer 12b is formed on the entire 
surface of the substrate 10, transparent electrode 1 1, and inorganic substance bank layer 
12a. 

In addition, the organic substance bank layer 1 2b is formed by first dissolving a 
standard resist, e.g., acrylic resin, polyimide resin, or the like, in a solvent, and then 
coating this solun ojv^y'^ ^^^rfspm coating, dip coating, or the like. 

The organic substance bank layer 1 2b is then etc hed!^ « o^^gi ^ 
photolithography technique or the like to provide an opening 1 3b. This opening 13bof 
the aforementioned organic substance bank layer 12b is preferably forrnedyshj 
larger than the opening 13a of the inorganic substance bank layer 12a. In this manner, 
an opening 13 which opens through both the inorganic substance bank layer 12a and 
organic substance bank layer 12b is formed above the transparent electrode 11 . 

Furthermore, the plane shape of this opening 13 is not particularly important 
and m^ay^mp^e^^^, oval, square, or stripe. However, in the case of a square or 
the like, due to the surface tension of the ink composition, it is preferable to round out 
the comers thereof. 

Subsequently, in the plasma treatment process, a region of ink affinity and an 
ink repellent region are formed on the surface of the bank member 12. 

This plasma treatment process is divided into a pre-heating process, an ink 
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affinity process f^impartifcg inK-affinity to the entire surface, an ink repellent process 


•far mak 


akifl^^e^rganicsubstance bank layer 12b ink repellent, and a cooling process. 
In the pre-heating process, the substrate 10 including the bank member 12 is 
heated to a predetermined temperature. This heating is performed jgy meariisg^ ) 
installing a heater, for example, at a stage in which the substrate 10 is loaded within the 
plasma treatment chamber, and heating the substrate 10 to 70 to 80°C, for example, 
using this heater at the desired stage. 

^By ■n^ ^^fperforming this pre-heating process, even in the case when the 
plasma treatment is conducted continuously on a plurality of substrates, it is possible to 
achieve almost constant plasma treatment conditions from immediately after 
commencing the treatment to immediately prior to terminating the treatment. As a 
result, it is possible to impart a uniform affinity with respect to the composition ink of 
the bank portions 12 between substrates 10, which in turn allows for the manufacture of 
a display apparatus having a constant product quality. 

In addition, the substrate 10 is pre-heated beforehand, and thus the processing 
time for the subsequent plasma treatment can also be_shortened. 

In the aforementioned proeesTfi^mparthfeinx affinity, a plasma treatment 



(0 2 plasma treatment) is performWm-whtchoxygen in the atmospheric air is used as 
the reactive gas. Specifically, the substrate 10 including the bank members 12 is placed 
onto a test stage within the interior of a heater, and oxygen in a plasma state is irradiated 
thereon. 

This O2 plasma treatment may be performed under the conditions of a plasma 
power of 100 to 800 kW, an oxygen gas flow of 50 to 100 cc/min, a substrate transport 
speed of 0.5 to 10 mm/sec, and a substrate temperature of 70 to 90°C. Furthermore, the 
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heating performed according to this test stage is conducted mainly to maintain the 
temperature of the pre-heated substrate 10. 

^B y meaag^ &i^O^lasrna treatment, hydroxyl groups are introduced m the 
exposed surfaces of the transparent electrode 11 and inorganic substance bank layer 12a, 
and on the entire surface of the organic substance bank layer 12b, thereby imparting the 
aforementioned with ink affinity properties. - — k 

Subsequently, in the aforementioned process fr$r impartMg^Hk repellent 
properties, a plasma treatment (CF 4 plasma treatmenff lTperformed in the atmospheric 
air wherein tetrafluoromethane (tetra-fluoro-carbon) is used as the reactive gas. 

Specifically, the substrate 10 including the bank members 12 is placed onto a 
test stage within the interior of a heater, and tetrafluoromethane in a plasma state is 
irradiated thereon. 

This CF 4 plasma treatment may be performed under the conditions of a plasma 
power of 100 to 800 kW, a tetrafluoromethane gas flow of 50 to 100 cc/min, a substrate 
transport speed of 0.5 to 10 mm/sec, and a substrate temperature of 70 to 90°C. 
Furthermore, the heating performed according to this test stage is conducted mainly to 
maintain the temperature of the pre-heated substrate 10, in the same manner as with the 
first plasma treatment chamber 52. 

Furthermore, the reactive gas is not limited to only tetrafluoromethane, but 

other flUorocarbon gases may also be used. 

According to this CF 4 plasma treatment, ink repellent properties are imparted 
moanoofijpVoducing fluorine groups into the organic substance bank layer, which 
displays an ink affinity by means of the previous process. Hydroxyl groups of the 
organic substances such as acrylic resin and polyimide resin forming the 
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aforementioned organic substance bank layer 12b are substituted easily by the fluorine 
grour js>y liiw-a a^^ jh-adiating a fluorocarbon in a plasma state so that they are imparted 
with the aforementioned ink repellent properties. 

On the other hand, the exposed surfaces of the transparent electrode 1 1 and' 


inorganic bank layer 12a are slightly affecte&by this CF 4 plasma treatment. «ow 
the CF 4 plasma treatment does not^ffectpn the affinity. 


By cooling the subsTnffel 0, which has been heated for the plasma treatment 
back, to room temperature or to a predetermined temperature (a temperaljurejfo^^^ 
exerfuthffijlie ink jet process) in the subsequent cooling process, it is possible to execute 
formation of the hole injection/transport layer at a constant temperature. As a result, it 
is possible to continuously discharge the ink droplets at a constant^volume, at the time 


of discharging the composition ink containing meihoie/uye^on/tfansport layer 


material according to an ink jet method. In this manner, a uniform hole 

injection/transport layer can be formed. 

According to the aforementioned plasma treatment process, t^lrtrawef^ 

sequentially performing the aforementioned O2 plasma treatment and CF4 plasma 

treatment with respect to the organic substance bank layer 12a and inorganic bank layer 

12b(o omprki H i g differejjt-rriaterials, it is possible to easily provide both a region of ink 

affinity and an ink repellent region in bank member 12. 

Subsequently, in the /noleinjeetion/transport layer formation process, Tiole^ 

injection/transport layer 1 6_isformed by^rin. 11 a 1 nT?)ischarging an ink composition 15 

^nV^w*^ ^ • — 

containing thediole injection/transport layer material from an opening 13 above the 

aforemenuoiied^ffan^parent electrode 11, and then drying and heat treating the 

aforementioned. 
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Furthermore, after forming the aforementioned hole injection/transport layer, it 
is preferable to perform processes in an inert gas environment, such as that of a nitrogen 
atmosphere and/or argon atmosphere without water and oxygen. ^ j \ «. 

As shown in Fig. 2, an ink composition 15 containi'ngjhejhole 
injection/transport layer material is first filled into an ink jet head 1 4, the discharge 
nozzle of which faces an opening 13. While mutually moving this ink jet head 14 and 
the substrate 1 0, the ink composition 1 5, the liquid amount per droplet of which is 
controlled, is then discharged onto the transparent electrode 11 from the aforementioned 
ink jet head 14. 


^ ^s, the ink composition l^ uocdhcrc , for ex^pl^^mixture of a 
polythiophene derivati^^uch as polyethylene dioxythiophene (PEDOT) or the like, and 
a polystyrene sulfonate (PSS), which has been dissolved in a polar solvent may be usedj/ 
The aforementioned polar solvent may include, for example, isopropyl alcohol (IPA), 
normal butanol, y -butyrolactone, N-methyl pyrolidone (NMP), l,3-dimethyl-2- 
imidazolidone (DMI), derivatives thereof, and glyc9l ethers such as carbitol acetate, 
butylcarbitol acetate, and the like. 

More concrete examples of the ink composition 15 may include a composition 
x compri 9t£.% lLQ£%1>y weight of a PEDOT/PSS mixture (wherein the ratio of PEDOT 
to PSS is 1 to 20); 1 .44% by weight of PSS; 10% by weight of IPA; 27.48% by weight 
of NMP; and 50% by weight of DMI. Furthermore, the viscosity of the ink composition 
is preferably 2 to 20 Ps, and more preferably approximately 7 to 10 cPs. 

^ ^gy ^ HeauTjaf ^ing the aforementioned ink composition, it is possible to 
perform stable discharge of the ink composition from a discharge nozzle without 
plugging of the discharge nozzle of the ink jet head 14. 
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Moreover, with regard to the material owi^nshj g-^be holeJiryectiDn/transport 
layer 16, the same material may be used for each light emittinglayer of R^pjd B. 
Alternatively, these materials may also differ from each other as well. 

The discharged ink composition 1 5 then spreads onto the transparent electrode 
1 1 and the inorganic bank layer 12a of the opening 13, both of which have been 
imparted with ink affinity properties. In addition, even if the ink composition 1 5 falls 
out of the predetermined discharge position, and is discharged onto the organic 
substance bank layer 12b, this ink composition 15 falls away from the organic substance 
bank layer 12b and flows into an opening 13 without wetting the organic substance bank 
layer 12b. 

The discharge amount of the ink composition 1 5 may be determined according 
to the size of the opening 13, thickness.of the hole injection/transport layer, 
concentration^! 'the /hole injectioji/transport layer in the ink composition 15, and the 

like. ^ 

In addition, the discharge of the ink composition 15 to the opening 13 may be 
divided over several cycles instead of discharging all at once. In such a case, the 
discharge amount of the ink composition 15 may be identical each time, or alternatively 
may vary with each cycle. Furthermore, the ink composition is not necessarily 
discharged onto the same location within opening portions 13 every time, and the ink 
composition 1 5 may be discharged to different locations within opening portion 13. 

Subsequently, a ^^^e^ion/transport layer 16 is formed, as shown in Fig. 3, 
^by ^ iuu^ of^ing thTdlscharged ink composition 15, and evaporating the polar 
solvent contained in the ink composition 15. 

The drying process, for example, may be performed at room temperature under 
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a pressure of approximately 133.3Pa (1 Ton) in nitrogen atmosphere. Apressure that is 
excessively low leads to clumping of the ink composition 1 5, and hence is not desirable 
Furthermore, a small amount of the ink composition 15 remains on and adheres to the 
surrounding wall surface of the bank member 12. Thus, if the aforementioned drying 
temperature exceeds room temperature, the evaporation speed of the polar solvent is 
increased, which leads to an excessive amount of the ink composition 1 5 remaining on 
the aforementioned wall surface. Accordingly, the aforementioned drying process is 
preferably performed at a temperature not to exceed room temperature. 

After the drying process, the polar solvent and water remainingfin the 
injection/transport layer 1 6 are preferably removed fsf rmaiw o^ ^st treating the 
aforementioned for approximately 1 0 minutes at 200°C in nitrogen, or preferably in 
vacuum. 

In the aforementioned hole injection/transport layer formation process, the 
discharged ink composition 15 blends into the exposed surface portions of the 
transparent electrode 11 and inorganic bank layer 12a, which exhibit ink affinity 
properties, while for the most part not adhering to the ink repellent, organic substance 
bank layer 12b. Therefore, even in the case when the ink composition 15 is mistakenly 
discharged onto the aforementioned organic substance bank layer 12b, this ink 
composition 15 falls away and flows onto the exposed surface portions of the 
transparent electrode 11 and inorganic bank layer 12a, both of which exhibits ink 
affinity properties. As a result, a hole injection/transport layer 16 can be reliably formed 
onto the aforementioned transparent electrode 1 1 . 

Subsequently, a surface reforming process is performed prior to conductmg^the 
light emitting layer forming process. In other words, in order to prevent the 
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iniection/transport layer 16 from being re-dissolved while forming the light emitting 
layer, a non-polar and insoluble solvent to the Jhole injectiort/transport layer 16 is used 
with respect to the hole injection/transport layerl6, as the solvent for the ink 
composition at the time of forming the light emitting layer^ . jf*^, 

However, on the other hand, the aforementionedhole Ji^irtion/transport layer 
16 has a low affinity with the aforementioned non-polar solvent. Thus/even when the 
ink composition of the light emitting layer comprising the non-polar , solvent is 
discharged onto the aforementioned hole injection/transport layefi 6, thcic exiata afoar 

^ / A*** {m z — — ■ : 

ah*t^he ink composition w^be^epelled'by me/hojejnjecfion/transrgt^er 16, which 
makes it impossible to adhere the light elrmtting layer with me/^^nj^e^tion/transport 
layer 1 6, or alternatively makes it impossible to form uniform coating of the light 

emitting layer. J&^^f.. 

Hence, in order to increase the surface affinity of the aforementioned /hole 
injection/transport layer 16 with the aforementioned non-polar solvent, it is preferable to 
perform a surface reforming process prior to the formation of the light emitting layer. 

In this surface reforming process, a solvent for use in surface reforming, which 
is identical or similar to the non-polar solvent of the ink composition used aUhenime of 
forming the light emitting layer, is coated onto the aforementionedihole--"'' 
injection/transport layer l^by^i«««i^^^^ink jet method, spin coating method, or dip 
method, and dried thereon. 

According to an ink jet method, the aforementioned coating is performed by 
off-line a solvent for use in surface reforming into an ink jfij head, and then 
discharging this surface reforming solvent onto' the ^ole iryejaion/transport layer 16, 
while moving this ink jet head and the substrate 10 to each other, with the discharge 
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nozzle of the ink jet head facing the aforementioned 4iol# injection/transport layer 16. 

In addition, according to a spin coat method, a substrate 10 is, for example, 

loaded onto a stage, and a surface reforming solvent is added thereto in a dropwise 

manner from above. Subsequently, the substrate 10 is rotated to spread the surface 

reforming solvent over the entire mole injejctron/transport layer 16 on the substrate 10. 
' ■■• ^_ 
Furthermore, although the surface reforming solvent is temporarily spread over the ink 

repellent organic substance bank layer 12b, this surface reforming solvent is blown 


aside by the centrifugal force^of th^aforementioned rotation, and hence ends up coating 


only the aforementioned ^holejnjection/transport layer 16. 

FurthermcrertKe coating according to a dip method involves immersing a 
substrate 10 in a surface reforming solvent, and following removal, spreading this 
surface reforming solvent over the entire hole injection/transport layer 16. In this case 
as well, the surface reforming solvent is temporarily spread over the ink repellent 
organic substance bank layer 12b, but falls away from the ink repellent organic 
substance bank layer 12b and removed from the surface reforming solvent. 'As a result, 
the surface reforming solvent ends up coating only the aforemeritionedi 
injection/transport layer 16. 

The surface reforming solvent used here may include compounds identical to 
the non-polar solvent of the ink composition, such as cyclohexylbenzene, 
dihydrobenzofuran, trimethylbenzene, tetramethylbenzene, and the surface reforming 
solvent such as toluene, xylene, and the like are preferable for the spin coat method and 
the dipping method. 

In particular, when performing the aforementioned coating according to an ink 
jet method, dihydrobenzofuran, trimethylbenzene, tetramethylbenzene, 
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cyclohexylenzene, a mixture of these compounds, especially the same solvent mixture 
used in the ink composition and the like are preferably used. In the case when 
performing the aforementioned coating according to a spin coating or dip method, 
toluene, xylene, and the like are preferably used. 

With regard to the drying process, in the case when the coating has been 
performed according to an ink jet method, it is preferable to perform the aforementioned 
diyin g^fey1i n6an o_o^ oading the substrate 1 0 onto a hot plate and heating the 
aforementioned to a temperature of no greater than 200°C in order to dry the surface 
reforming solvent. On the other hand, in the case when the coating has been performed 
according to a spin coating or dip method, the surface reforming solvent is preferably 
drie^1)y*M«i*^^ither blowing nitrogen onto the substrate 10, or by generating an air 
flow onto the surface of the substrate 10 by rotating the aforementioned substrate. 

Moreover, it is also possible to perform the coating of the surface reforming 
solvent after the drying process of the aforementioned hole injection/transportlaVer 
formation process, and then conduct the heat treating process of the/^ 


injection/transport layer formation process after drying the coated surface reforming 
solvent. 

'By mea^s of "performing the aforementioned surface reforming process, the 
surface of the / 1iole injecJion/6ansporjUayer 16 blends in easier with the non-polar 
solvent. In addition/by means ofthe-subsequent processes, it is possible to uniformly 


coat the ink composition containing the light emitting layer material onto the 
aforementioned hole injection/transport layer 16. 

Moreover, it is also possible to form an ultra thin hole transport layer onto the 
aforementioned hole injection/transport layer b^ nT a awo^ j^rming an ink composition 
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by dissolving a commonl/used^h^^tpat^ort layer material, such as arylamine-type 
compound and the like, in the aforementioned surface reforming solvent. The resultant 
ink composition is then coated onto the/Uolef injection/transport layer according to an 
ink jet method, and dried thereon. 

Although the majority of this hole transport layer is dissolved into the light 
emitting layer coated in a subsequent process, a small amount remains as a thin layer 
between the hole injection/transport layer 16 and the light emitting layer. As a result, 
the energy barrier between the hole injection/transport layer 1 6 and the light emitting 



layer is reduced, which in turn allows for easy movement .fof the /no! 
of light emitting efficiency. 

In the subsequent light emitting layer formatiotuprocess, the ink compositions 
17a, 17b and 17c (not shown), each ce mp r i^g aspjate^component, e.g., an organic 



electro-luminescent material or the like, and a solvent, are discharged according to the 
following sequence onto a^^ole injej^n7transport layer 16 which has undergone 
surface refonnatioiir~Drymg and heat treatment of the aforementioned are then 
performed to sequentially form the light emitting layers 1 8a, lp^anfr 1 8c. 

The aforementioned organic electro-luminescent material may include 
fluorene-type high molecular, wejght-derivatives such as shown in chemical formula 1 to 
chemical formula 5j£ 

Examples of the organic electro-luminescent materials include (poly)- 
paraphenylene-vinylene derivatives, polyphenylene derivatives, polyfluorene 
derivatives, polyvinyl carbazol, polythiophene derivatives, perylene-type pigments, 
coumarin-type pigments, rhodamine-type pigments, as well as low molecular weight 
organic EL materials and large molecular weight EL materials that are soluble in other 
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u utl „ n rf - type pigg ..r rKn^min^ typ e- pignrenw; ao ™U « 1™ mnlrnibr wrigh t. 

^ ^j^ Mi ll mll -i rp- i r .l . icMHT.ui ,Uilrrt i^^ 

benzene derivatives.' For example, it is possible use rublene, perylene, 9,10-drphenyl 
anthracene, tetraphenyl butadiene, Nile Red, coumarin 6, quinacridone, and the like. 

Furthermore, ir^chemt^fformulaT^ the chemical formula 5, n represents 
the -degree of polymer-don. (irfS!e^^airfonnula 1, n is in a range of 1,000 to 
500,000, in the chcmTcaWcrir^^^ a range of 1,000 to 500, 000, in the chemical 
formula 3, n is in a range of 1,000 to 500, 000; in the chemical fonnula 4, n ranges 
1,000 to 500,000, and in the chemical formula 5, ranges 1,000 to 500, 00. In 
'addition, in the chemical fonnula 5, R represents H, CH* CiH 5 and so on. 
[chemical formula 1] 



^ ^ v. -n 

CaHi7 CaHi7 


[chemical formula 2] 



C8H17 C8H17 


[chemical formula 3] 



CaHi7 C8H17 


OCH3 OCH3 


m 0 
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[chemical formula 4] 



[chemical formula 5] 
/ 


CaHi7 ^CeHn s " 

OR OR 



N-<g>- 


17 'CaHi7 w " w " n 

As the non-polar solvent, it is preferable to use a compound that is insoluble in 
,he (^E^fee^tet^ransport layer 16, for example, cyclohexylbeuzene, 
~diEyd^benzofuraji, trirnetbylbenzenc, tetramethylbenzene, and the like. 

' ^wy^jJj^x^T-Z «be non-polar solvent in the ink composition of the 
light emitting layer, it is possible to coat the ink composition without re-dissolving the 
hole injection/transport layer 16. 

Furthermore, as the solute component, beside the organic clcctro-himincscent 
material, it is also possible to include an appropriate amount of a binder, such as a 
surface active agent, a thicker and the like. 

As shown in Fig. 4, an ink composition 17a is discharged^) a^v£ole^- 
injcctionAransport layer le^ fm^T^ lmg the ink composition 17a into an ink jet 
head 14 and then discharging this ink composition, the liquid amount per droplet of 
which is controlled, from a discharge nozzle while moving both this ink jet head 14 and 
substrate 10 with respecpo each other, discharge nozzle of the ink jet head 14 

facing the aforeme|fitioned /^o^^ectionCansport layer 16. 


organic substance bank layer 12b, it falls away and flows onto the (Hole 
injection/transport layer 16. In this manner, it is possible to form a layer of the ink 
composition 17a which is tightly adherent to the hole injection/transport layer 16. 

The amount of the ink composition 1 7a is determined based on the thickness of 
the light emitting layer 1 8a to be formed, the concentration of the light emitting layer 
material within the ink composition, and the like. J^\"^ 

In addition, the discharge of the ink composition 17a 
injection/transport layer 16 may be performed with the dropwise addition of the ink 
composition 17a divided over several cycles instead of discharging all at once. In such 
a case, the droplet amount of the ink composition 17a may be identical each time, or 
alternatively may vary with each cycle. Furthermore, instead of being discharged to the 
same location on the hole injection/transport layer 16 each time, the ink composition 
17a droplets may also be discharged arranging different locations within the /hole/ J 
injection/transport layer 16. 

Subsequently, a light emitting layer 18a is formed, as shown in Fig. 5, by 
/-^weaa^f^ing the discharged ink composition 1 7a, and evaporating the polar solvent 
contained in the ink composition 17a. 

The drying process, for example, may be performed at room temperature under 
a pressure of approximately 133.3Pa (1 Torr) in nitrogen atmosphere for 5-10 minutes, 
or by spraying njjrogen therein at 40°C for 5-10 minutes. 

Otner mesriw Jjoj^erforming the aforementioned drying may include, for 
example, a far infrared irradiation method, a high-temperature nitrogen gas spraying 
method, and the like. 

Subsequently, as shown in Fig. 6, a second light emitting layer 1 8b/is fonpeeK^ 
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ropwise addition and drying of an ink composition 17b, in the same 
manner as with the aforementioned ink composition 17a. Thereafter, a third light 
emitting layer 18c is formed in a similar manner cby'nioQnDj^lropwise addition and 
drying of an ink composition 17c, as shown in Fig. 7, to yield a substrate having three 
types of light emitting layers 1 8a, 1 8b, and 1 8c formed thereon. 

Here, the formation sequence of the aforementioned three types of light 
emitting layers 1 8a, 1 8b, and 1 8c is determined in the following manner. 

First, in the case when the number of organic electro-luminescent materials is 
different, the formation 
electro-luminescent materials] 


starts with me layer comprising the fewest xireanic 
Emitting layep / a & aipric i f» g a colpj^having a 


large number of components is formedflfst, t here oxioto thojjoarlSf phase sepa^ation/oUie 
to re-dissolution of the initially fonneTligTifemitting layer, by the solvent vapor 
evaporated from the ink composition of a light emitting layer o ompriei^g adi^i 
Color, which has been formed later. 

In addition, in the cascsyhen the number of organic electro-luminescent 
materials c tfmprioing meregpeCuve ink compositions is identical, the aforementioned 

V 

formation sequence starts with the ink composition Q mnpriam s ihe-ergatuc electro- 
luminescent materials that are most difficult to phase separate. The degree of difficulty 
for phase separation may be determined b> <f nonno* &f dry mg the ink compositions to be 
compared under identical drying conditions, and comparing the degree of phase 
separation of the resultant light emitting layers. At this time, the aforementioned 
"identical" drying conditions may include natural retention, drying by heating, and 
drying under reduced pressure, and the natural retention is preferably selected. 

The degree of phase separation may be determined by the amount of light of a 
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wavelength obtained at the time of complete phase separation that remains in the light 
emitting spectrum of the resultant light emitting layer. In addition, it is also possible to 
determine the degree of phase separation by the proportion of light of a wavelength 
resulting when complete phase separation does not occur, in the light emitting spectrum 
of the resultant light emitting layer. 

In the cathode formation process, a cathode 1 9 is formed over the entire 
surfaces of the light emitting layers 18a, 18b, 18c, and organic substance bank layer 
12b. This cathode 19 may be formed by laminating a plurality of materials. 

For exampleTk is preferable to use a material such as Ca and Ba, whose work 
function is low, ftj$jpfmite)i layer close to the light emitting layer, and sometimes it is 
more preferable to form a thin LiF layer as an underlayer, depending on the nature of 
the layer material formed on the light emitting layer. In addition, the cathode upper 
layer (sealing side) is preferably formed by materials such as an Al layer, an Ag layer, a 
Mg/Ag layer and the like, which have a larger work function than that of the lower 
layer. The thickness of the upper cathode layer is preferably within a range of 100 to 
1,000 nra, and more preferably, within a range of 200 to 500 nm. 

The aforementioned cathode layer is preferably for 
example, an evaporation method, spattering method, CVrymetirotTortoe like. In 
particular, formation according to an evaporation method is preferable from the point of 
view of preventing the light emitting layers 1 8a,^$^aj)d 1 8c from being damaged by 
heat. 

In addition, it is also possible to form the lithium fluoride layer^ohl^oi^t 
light emitting layers 18a, 18^ an)l 18c, or alternatively only on a-sj 
emitting layer. In such as case, the cathode upper layer formed from calciuj; 
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fontacfwj* the/other light emitting layers. 

In addition, it is also possible to provide a protective layer comprising SiO, 
Si02, SiN, or mThke)onto the cathode layer to prevent from oxidation. 

?s, a sealing layer 20 is formed b^mcaiia^poating 
a sealing agenrcompncftg atnermosetting resin or ultraviolet lightcured resin onto the 
entire surface of the cathode 19. Furthermore, a substrztfeT^ed jf not shown in 

the FigiHes^ then laminated onto the sealing layer . 

This sealing process is preferably conducted in the environment of an inactive 
gas, such as nitrogen, argon, helium, or the like. In the case when performing the 
aforementioned sealing process in air and a de feet-sg ch as pin hole or the KkjTS) 
generated in the cathode layei^t ho i c cxiata tin fiai that ^vater, oxygen, and the Wee wilf' 
penetrate into the cathode 19 through the aforementioned defect, resulting in the 
undesirable oxidation of the cathode 19. 

In this manner, an organic electro-luminescent device shown in Fig. 8 is 
obtained. 

According to the present embodiment, the discharge formation of a layer of the 
------- a greater'number-of^prganic materials is performed after 


ink composition o 


umDer-o 


that of the ink composition co mpri s e 


isidg^fewi 


jinescent materials. In 


*anic electro^ 

addition, in the case when the ink compositions c Q mprijj eJhe^same number of organic 
electro-luminescent materials, this discharge formation of a layer is performed in a 
discharge sequence, starting with the ink composition comprising the organic electro- 
luminescent materials that are most difficult to phase separate. As a result, it is possible 
to prevent the phase separation occurring due to re-dissolution after the discharge 
formation of a layer. Accordingly, an organic electro-luminescent device having 


% * 
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superior display properties can be reliably manufactured. 

In the following, the electronic equipment comprising the organic electro- 
luminescent device manufactured according to the aforementioned embodiment will be 
described using concrete examples. 

Fig. 10A is a perspective view showing an example of a portable telephone. In 
Fig. 10A, reference numeral 600 denotes a main body 600 of the portable telephone, 
and 601 denotes a display unit 601 iwmyiigmg anojgarnc electro-luminescent dev ^ey^ 



Fig. 10B is a perspective view showing an example of a portable information 
processing apparatus, e.g., word processor, personal computer, or the like. Fig. 10B 
shows an information processing apparatus 700, an input unit 70J^t>ph as a keyboard or 
the like, the main body 703 of the information processing apparatus, and an organic 
electro-luminescent device as a display_unit 702. 

Fig. lflfc is an e bHqjge-y iewshgwing an example of an electronic wristwatch. 
In Fig. 10C, the main body 800 of the watch, and an organic electro-luminescent device 
as a display unit 801 are shown. 

According to the present embodiment, it is possible to provide electronic 
equipment that is equipped with a display apparatus possessing superior display 
properties. 


Examples 

The organic electro-luminescent devices of the Examples and Comparative 
Examples were manufactured according to the above-described embodiments. The 
concrete manufacturing conditions are described below. The conditions are common to 
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all of the Examples and Comparative Example except the formation sequence for 
manufacturing the light emitting layer. 

Bank Formation Process 

A bank layer was formed so as to be opened on the transparent pixel electrode 
made of ITO. Since the transparent electrode was formed in a matrix form having a 
pitch of 70.5 micron meter, the bank layer was also formed in a matrix form having a 
pitch of 70.5 micron meter. The bank layer (bank) was formed by laminating inorganic 
bank layers made of Si0 2 and organic substance bank layers made of polyimide. Each 
layer was formed on the etched layer formed by photolithographic technique. Circular 
openings were made for the bank layers and the opening for the organic substance bank 
layer was formed in a diameter of 28 micron meter and the opening for the inorganic 
bank layer was formed in a diameter of 44 micron meter. The organic substance bank 
layer was formed at a height of 2 micron meter and the inorganic bank layer was formed 
at a height of 1 50 nm. 

Plasma Treatment Process 

An 0 2 plasma treatment was performed as a process for imparting ink affinity. 
This C»2 plasma treatment was conducted under the conditions of room jmperature, 
atmospheric pressure, a power of 300W, an electrode-substrate distance of 1 mm, an 
oxygen gas flow amount of 100 cc/min, a helium gas flow amount of 10 1/min, and a 
table transfer rate of 10 mm/s. Subsequently, a CF 4 plasma treatment was performed as 
a process for imparting ink repellent properties. This CF4 plasma treatment was 
conducted under the conditions of a CF 4 gas flow amount of 100 cc/min, a helium gas 
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flow amount of 10 1/min, and a table transfer rate of 3 mm/s. 


Hole Injection/Transport Layer Formation Process 

An ink composition (a mixtufe of "BaytroA P" manufactured by Bayer AG and 
a polystyrene sulfonate) for use in a^/nole inieefion/transport layer shown in Table 1 
was discharged from the heaU-of-tirrmkjet printer (MJ-9300 manufactured by Epson) at 
15 pi to form a pattern coat. The solvent was then removed at room temperature undeh a 
vacuum (1 Torr) for 20 minutes. The same ink composition for use in a^nole 
injection/transport layer was then discharged at 15 pi to form a pattern coat. After 
removing the solvent at room temperature under a vacuum (1 Torr) for 20 minutes, a 
heat treatment was performed in air atmosphere at 200°C (on a hot plate) for 10 minutes 
to form an hole injection/transport layer. 
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Table 1: Ink Composition for Hole Injection/Transport Layer 


Composition 

Material name 

Composition 
(wt%) 

hole injection/ transport layer 
materials 

Bytron P 

11.08 


Polystyrene sulfonate 

1 .44 

Polar solvents 

Isopropyl alcohol 

10 


N-methyl pyrolidone 

27.48 


l,3-dimethyl-2- 
imidazolidone 

50 


Surface Reforming Process 

1 ,2,3 ,4-tetramethyl benzene was discharged from an ink jet printer (MJ-930C 
manufactured by Epson) to form a coat. Subsequently, the aforementioned was placed 
on a hot plate that was heated to a temperature below 200°C and dried. 

Light emitting layer Formation Process 

The ink compositions shown in Tables 2 to 4 were prepared. Table 2 shows an 
ink composition (green) for a light emitting layer, Table 3 shows an ink composition 
(blue) for a light emitting layer; and Table 4 shows an ink composition (red) for a light 
emitting layer. Furthermore, compounds 1, 2, 4, and 5 in the Tables are respectively 
described above in Chemical Formula 1 to 5. 
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Table 2: Ink Composition (Green) for a Light emitting layer 


Composition 

Material name 

Composition 
weight 

Light emitting layer 
Materials 

Compound 1 

0.76 g 


Compound 2 

0.20 g 


Compound 4 

0.04 g 

Solvent 

1,2,3,4-tetramethyl benzene 

100 ml 

Table 3: Ink Composition (Blue) for a Light emitting layer 

Composition 

Material name 

Composition 
weight 

Light emitting layer 
Material 

Compound 1 

1-00 g 

Solvent 

1,2,3,4-tetramethyl benzene 

100 ml 

Table 4: Ink Composition (Red) for a Light emitting layer 

Composition 

Material name 

Composition 
weight 

Light emitting layer 
Materials 

Compound 1 

0.7 g 


Compound 2 

0.2 g 


Compound 5 

0.1 g 

Solvent 

1,2,3,4-tetramethyl benzene 

100 ml 
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Example 1 

Initially, a blue light emitting layer was prepar gcfby me ans og d^harging the 
ink composition (blue) for a light emitting layer comprising a concentration of 1% 
(wt/vol) shown in Table 3, from an ink jet printer (MJ-930C manufactured by Epson) by 
20 pi Under an N2 gas flow, and then drying under the conditions of 25°C and 1 atm. 

Subsequently, a green light emitting layer was prepared t ffim 
discharging the ink composition (green) for a light emitting layer^^p riw^ a. 
concentration of 1% (wt/vol) shown in Table 2, into a neighboring opening 13 at 20 pi 
under an N2 gas flow, and then drying under the conditions of 25°C and 1 atm. 



Example 2 

Initially, a blue light emitting layer was prepare d/ftyr n e ano^ f^ scharging the 
ink composition (blue) for a light emitting layer cca nprioirf £ajypeentration of 1% 
(wt/vol) shown in Table 3, from an ink jet printer (MJ-930C manufactured by Epson) at 
20 pi under an N2 gas flow, and then drying under the conditions of 25°C and 1 atm. 

Subsequently, a red light emitting layer was pjepared^£ m ag oiagf iiischarging 
the ink composition (red) for a light emitting lay^rc omnriiifia a concentration of 1% 
(wt/vol) shown in Table 4, into a neighboring opening 13 at 20 pi under an N2 gas flow, 
and then drying under the conditions of 25°C and 1 atm. 

Thereafter, a green light emitting layer was prepared gy ~ m ea no rfjd j^charging 
the ink composition (green) for a light emitting layer cpmpwa f ng aconc^Mration of 1% 
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(wt/vol) shown in Table 2, into a neighboring opening 13 at 20 pi under an N 2 gas flow, 
and then drying under the conditions of 25°C and 1 atm. 

Comparative Example 1 

Initially, a green light emitting layer was preparedH5y ^^ ajc^ji»charging the 
ink composition (green) for a light emitting layer e^^riei^^^oeentration of 1% 
(wt/vol) shown in Table 2, from an ink jet printer (MJ-930C manufactured by Epson) at 
20 pi under an N 2 gas flow, and then drying under the conditions of 25°C and 1 atm. 

Subsequently, a blue light emitting layer was prepared b ifmoaiia tjfj &charging 
the ink composition (blue) for a light emitting layer^c©flftef4si^a£Daeeri&ation of 1% 
(wt/vol) shown in Table 3, into a neighboring opening 13 at 20 pi under an N 2 gas flow, 
and then drying under the conditions of 25°C and 1 atm. 

Cathode Formation Process 

After forming a LiF layer having a thickness of 2 nm by a vapor deposition 
method as the cathode layer, a calcium layer having a thickness of 20 nm was formed by 
a vapor deposition method. An aluminum layer of 200 nm was then formed as the 
cathode layer by a spattering method. 



Sealing Process 

A sealing layer was fonned /b^vnmuiu 1 uf ex iting a sealing agemt 
epoxy resin onto the entire surface of the cathode. Furthermore, a substrate for use in 
sealing was laminated onto the aforementioned sealing layer to prepare the organic 
electro-luminescent device according to the Examples and Comparative Example. 
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Evaluation 

The light emitting spectrums of the green light emitting layers of the organic 
electro-lviminescrardevIcTaccording to the Comparative Example and Example 1 are 
shown in /i|. 9^j£s^owirinFig. 9 A, a blue luminescent (430 ran) originated from the 
colnpTJUiia"11-e^^ the green light emitting layer of the Comparative Example 
showed a spotty luminescent exhibiting color of light blue. 

In contrast, as shown in Fig. 9B, the green light emitting layer of Example 1 
displayed a green fluorescent luminescent (530 ran) having an approximately uniform 
spectrum. 

In addition, the blue light emitting layers of the Comparative Example and 
Example 1 both displayed a uniform spectrum of blue luminescent (430 ran) originated 
by the compound 1 . 

Hence, the formation efficiency of forming the light emitting layers in the order 
starting with the layers having the fewest number of organic electro-luminescent 
materials was confirmed from the aforementioned. 

In addition, the blue light emitting layer (430 ran), red light emitting layer (640 
nm), and green light emitting layer (530 ran) of the organic electro-luminescent device 
according to Example 2 each showed a uniform spectrum. 

Both the ink compositions of the (red) light emitting layer and (jpeen)- 
emitting lay compjas^for^e-ergluiic electro-luminescent niat erialsj; h 
comparing the difficulty of phase separation of these ink compositions under the 
conditions of N 2 flow, the ink composition of the (red) light emitting layer was found to 
be more difficult to phase separate. 
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Hence, in the case when the ink compositio: 



number of 


organic electro-luminescent maferials/Tthe efficienj^H3fibrming the light emitting 
layers in the order starting with the layer that is the most difficult to phase separate was 
confirmed from the aforementioned. 

As described above, according to the method for manufacturing an organic 
electro-luminescent device of the present invention, it is possible to manufacture an 
organic electro-luminescent device having superior display properties in which phase 
separation due to re-dissolution after completion of forming layer can be prevented. 


In addition, me present invention provides the electronic equipment which is 
capable of having superior display properties. 



addition, the organii^electro-luminescent device according to the present 


properties. 
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